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This paper desc r ibes  the  d iu rna l  and l a t i t u d i n a l  varia- 
t i o n s  i n  the  5577 A z e n i t h  nightglow i n t e n s i t y ,  as ob- 
served during a shipboard expedi t ion  along t h e  P a c i f i c  
coast of South America. These r e s u l t s  show good agree-  
ment wi th  a similar se t  of d a t a  obtained i n  1962. Com- 
pa r i son  of t hese  d a t a  with s imultaneously obtained 
r e s u l t s  f o r  t h e  6300 nightglow s u g g e s t  that, on a 
g ross  scale, t h e  e x c i t a t i o n  p a t t e r n s  f o r  t hese  two 
emissions are unre la ted .  

1. In t roduct ion  
The nightglow emissions [01]32, [01]21 and N2 + (0-1) were '  

monitored as p a r t  of NASA's M o b i l e  Launch Expedition No. 1. A 

t o t a l  of 63 n i g h t s  of d a t a  w e r e  oStained from February 18, 1965 

t o  May 2, 1965 over  t h e  l a t i t u d e  range 3 5 " N  t o  60"s. 

d e s c r i b e s  the  r e s u l t s  of t he  5577 1 [Oq32 nightglow observa t ions  

made dur ing  the  expedi t ion  and p resen t s  abso lu t e  c a l i b r a t i o n s  

for  the 6301) z e n i t h  observat ions which w e r e  repor ted  

earlier {Greenspan 1966). 

This paper  

2. Measurements 

All nightglow measurements w e r e  performed w i t h  the  

th ree -co lo r  continuum-compensating photometers 'descr ibed  by 

F i l o s o f o  e t  a l .  (1965). Four sepa ra t e  instruments  were 

, 
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~ i n s t a l l e d  on the f l i g h t  deck of t he  U.S.N.S. Croatan. Two of 

these  instruments  monitored the z e n i t h  nightglow. 

s t a b i l i z a t i o n  w a s  eaployed i n  order  t o  compensate f o r  t he  s h i p ' s  

r o l l .  One of these instruments funct ioned i n  the  continuum sub- 

t r a c t i n g  mode which records the a i rg low emission i n t e n s i t y  wi th  

less than 2 percent  e r r o r  due t o  the  normal n i g h t  sky continuum 

while  t he  second instrument monitored the  continuum br ightness  

Gimbal 

through a t ransmission band centered a t  a wavelength approxi-  

mately 100 below t h a t  of the emission l i n e .  The two remaining 

in s t rummts  were operated i n  the continuum sub t r ac t ing  mode and 

w s r e  i nc l ined  toward the bow of t he  sh ip  a t  z e n i t h  angles  of 5" 

and 1 5 O .  The l i n e s  of s i g h t  of  t hese  inc l ined  instruments  

i n t e r s e c t  t he  300 km and 90 km l e v e l s  of the  atmosphere approxi- 

mately 30 kilometers  ahead of  t h e  sh ip ,  thus caus ing  a s t a b l e  . 

l o c a l i z e d  enhancement t o  appear roughly one hour e a r l i e r  on 

these  instruments  than on the  z e n i t h  instrument ,  as a r e s u l t  of 

t he  s h i p ' s  motiox. The r e s u l t s  reported here  are der ived mainly 

from observat ions wi th  the zen i th  photometer operated i n  the  

continuum s u b t r a c t i n g  mode. 

The mean loca t ions  of the  Croatan on n i g h t s  when a i rg low 

The do t s  i n d i c a t e  observa t ions  were made a r e  shown i n  Figure 1. 

n i g h t s  dur ing  which the  b e s t  d a t a  w e r e  obtained and r ep resen t  

t he  d a t a  repor ted  i n  t h i s  paper. The c rosses  i n d i c a t e  n i g h t s  

when cloud cover o r  moonlight produced s u b s t a n t i a l  contamination. 
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3. C a l i b r a t i o n  

A genera l  technique f o r  the l abora to ry  c a l i b r a t i o n  of  
I t he  continuum-compensating photometers w a s  ou t l i ned  by F i loso fo  

e t  a l .  (1965). The fol lowing treats t h e  c a l i b r a t i o n  problem i n  

a more e x p l i c i t  manner us ing  a procedure similar t o  t h a t  

descr ibed by Blacker and Gadsden (1965). 

For completely e f f e c t i v e  continuum sub t r ac t ion ,  t he  

s i g n a l  level VD ( v o l t s )  recorded f o r  observa t ion  of t he  n i g h t  

sky in  the  continuum sub t r ac t ing  mode is :  
I 

where E, i s  t h e  emission l i n e  i n t e n s i t y  i n  Rayleighs,  Th i s  t h e  

a b s o l u t e  t ransmission of t h e  i n t e r f e r e n c e  f i l t e r  a t  the  emission 

l i n e  wavelength and P i s  t h e  combined photomul t ip l ie r  and elec- >. 
t r o n i c s  s e n s i t i v i t y  (vol ts /Rayleigh)  a t  the  emission l i n e  wave- 

length .  For observa t ions  a t  normal incidence,  of  a c a l i b r a t e d  

s tandard  l i g h t  of b r igh tness  SL(x)  i n  Rayleighs pe r  d, t h e  s ig-  

n a l  level VsL ( v o l t s )  i s  given by: 

VsL =(SL(h). T(h) P(1)  d h  (2 1 

where T(X) i s  t h e  a b s o l u t e  transmission p r o f i l e  of t h e  f i l t e r  i n  

normal incidence and P(x) i s  t h e  combined photomul t ip l ie r  and 

e l e c t r o n i c s  s e n s i t i v i t y  p r o f i l e .  

bandwidth of t h e  f i l t e r  a t  normal incidence.  

e s s e n t i a l l y  cons t an t  over the bandwidth of  t he  f i l t e r  (approxi- 

The i n t e g r a l  i s  taken over t he  

Since P ( 1 )  = PA i s  

mately 25 A), and since, f o r  the c a l i b r a t i o n  source enployed i n  

4 



t h i s  s tudy ,  S L ( h )  = SL 

can combine Eqns. (1) and (2)  ob ta in ing  

over t h e  same t ransmiss ion  band, w e  h 

I T(h)  dh. (3) 
vD 
vsL Th 
- EA(Rayleighs) = 

Thus t h e  labora tory  c a l i b r a t i o n s  only r e q u i r e  t h e  measurement 

of I T ( h )  dh, Th and VsL and t h e  knowledge of SLh. It i s  t o  

be understood t h a t  VD and VsL are measured a t  t h e  same photometer 

s e n s i t i v i t y .  

f i e l d  t o  maintain t h e  system a t  l abo ra to ry  s e n s i t i v i t y .  

A secondary s tandard  l i g h t  was employed i n  t h e  

Measurements of  VsL were performed i n  our  l a b o r a t o r i e s  

u s ing  a c a l i b r a t e d  carbon-14 a c t i v a t e d  phosphor obtained on loan 

from t h e  Environmental Science Serv ices  Adminis t ra t ion (ESSA). 

This source,  designated SL-Q, w a s  c a l i b r a t e d  by H. V. Blacker a t  

t h e  F r i t z  Peak airglow s t a t i o n  i n  t h e  manner descr ibed  by 

Blacker and Gadsden (1965). The t ransmiss ion  of t h e  f i l t e rs  was 

measured wi th  a Cary-14 double-beam spectrophotometer.  The 

c a l i b r a t i o n  parameters and f i n a l  r e s u l t s  are given i n  Table 1. 

S ince  t h e  s tandard  l i g h t  f i l l e d  t h e  photometers 3" f i e l d  of  

view, no geometr ica l  c o r r e c t i o n s  were r equ i r ed .  
0 

The average 6300 A s i g n a l  levels observed during t h e  

e x p e d i t i o n  (Greenspan 1966) w e r e  i n  t h e  range 1-2 v o l t s  thus  g iv ing  

red l i n e  i n t e n s i t i e s  i n  t h e  range 65-130R which a r e  c o n s i s t e n t  w i th  

v a l u e s  c u r r e n t l y  being repor ted  i n  t h e  l i t e r a t u r e .  The 4278 A 

s i g n a l  l e v e l s  were near t h e  dark c u r r e n t  l i m i t  of t h e  system sug- 

0 

g e s t i n g  N; i n t e n s i t i e s  of only a f e w  

levels are normal (Chamberlain 1961, 

remote from t h e  a u r o r a l  zone, except 

Rayleighs a t  most. Such low 

Yano 1966) f o r  regions 

a t  t w i l i g h t .  The 5577 A 
0 
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s i g n a l  l e v e l s ,  however, l i e  i n  t h e  range 3 - 8  v o l t s  which 

suggest  average green l i n e  i n t e n s i t i e s  from 300-850RJ w e l l  above 

commonly observed mid- la t i tude  and e q u a t o r i a l  va lues .  

r e s u l t s  from the  fac t  t h a t  t h e  r e c e n t l y  measured f i l t e r  t ransmission 

peak i s  s h i f t e d  15 A toward t h e  red  from t h e  emission l i n e  

wavelength. This s h i f t  causes a decrease i n  t h e  5577 A t r a n s -  

This  anomaly 

0 

0 

mission by a f a c t o r  of 2.5. Thus, i f  t h e  s h i f t  occurred a f t e r  

t h e  observat ions were made, a value o f  Q = 42 R / V  would be appro- 

p r i a t e  f o r  t h e  da ta .  

i n t e n s i t i e s  i n  much b e t t e r  agreement wi th  t h e  normally observed 

va lues .  

This  c a l i b r a t i o n  f a c t o r  g ives  green l i n e  

Since t h e  l ack  of  prepara t ion  t i m e  precluded a pre-  

exped i t ion  c a l i b r a t i o n ,  w e  cannot r e so lve  t h e  t i m e  a t  which the- 

f i l t e r  s h i f t  occurred. A s  an a l t e r n a t i v e  w e  t h e r e f o r e  decided t o  

o b t a i n  an approximate c a l i b r a t i o n  f o r  t h e  green l i n e  through 

comparisons wi th  d a t a  obtained during t h e  t i m e  per iod  encompassing 

t h e  expedi t ion  for instruments  a t  app ropr i a t e  l o c a t i o n s .  

d a t a  for t i m e s  i n  t h i s  per iod w e r e  ob ta ined  aboard an AFCRL 

a i r c r a f t  by D r .  T. Markham, (Velasquez 1966) .  For two n igh t s  i n  

March and A p r i l ,  5577 A i n t e n s i t i e s  between 60-200 Rayleighs were 

observed ( a t  somewhat d i f f e r e n t  l o c a t i o n s  than t h e  Croatan) 

Airglow 

0 

sugges t ing  t h a t  t h e  lower c a l i b r a t i o n  va lue  of 42 Rayleighs/vol t  

would be t h e  more appropr ia te .  When c a l i b r a t e d  da ta  from t h e  

Huancayo observatory (Velasquez 1966) become.avai lable ,  t h e  c a l -  

i b r a t i o n  can be b e t t e r  determined. 

w e  s h a l l ,  however, employ t h e  t e n t a t i v e  value Q(5577 A) = 42 

Rayle ighs /vo l t  as der ived  i n  t h e  l as t  column i n  Table 1. 

For t h e  purpose of t h i s  paper 
0 
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The 6300 A c a l i b r a t i o n  v a l u e  of Q(6300 A) = 65 - + 4 Ray- 

l e i g h t s  per  v o l t  can be  appl ied d i r e c t l y  t o  t h e  r e s u l t s  

prev ious ly  ‘ repor ted  by Greenspan (1966). 

4. Diurnal  Var i a t ions  

Normally the  5577 zen i th  nightglow r a p i d l y  decreases  i n  

i n t e n s i t y  during evening t w i l i g h t ,  and reaches a r e l a t i v e l y  

s t a b l e  n ight t ime va lue  of a few hundred Rayleighs. A r a p i d  i n -  

crease i n  br ightness  i s  observed a t  morning t w i l i g h t .  

The 5577 8, br igh tness  f r equen t ly  e x h i b i t s  a maxima i n  

the middle of t h e  n i g h t  i n  ternperate reg ions  wi th  a maximum i n -  

t e n s i t y  approximately 25 t o  30 pe rcen t  g r e a t e r  than t h e  i n i t i a l  

and f i n a l  in tensi t ies  (Silverman 1965). There seems t o  be l i t t l e  

tendency f o r  t h i s  maximum t o  occur a t  any p a r t i c u l a r  t i m e  of t h e  

n i g h t  (Chamberlain 1961) except poss ib ly  i n  the winter  months 

(Barbier  1959). Several examples of 5577 A enhancements w e r e  

observed during t h i s  expedi t ion.  

wi thout  corresponding v a r i a t i o n s  in  the 6300 1 i n t e n s i t i e s .  

gene ra l ,  the  5577 1 and 6300 d d a t a  do n o t  show any obvious 

s i g n s  o f  covariance.  Examples of s e v e r a l  5577 enhancenents 

are i l l u s t r a t e d  i n  Figure 2. 

These occurred both w i t h  and 

In  

.. c - .  

The 5577 8 emission l i n e  and t h e  green continuum 

form p a r t  of the green l i n e  covariance group (Chamberlain 1961). 

Comparison of the  [ol) 32 d a t a  and t h e  green continuum f o r  

several n i g h t s  when s t rong  midnight enhanceinents w e r e  observed 

do n o t  however show any covariance,  as i l l u s t r a t e d  i n  F igure  3. 
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The average d i u r n a l  behavior of  t he  5577 A i n t e n s i t y  i s  

shown i n  Figure 4 f o r  s e v e r a l  l a t i t u d e  ranges from 35"N t o  60"s. 

These d a t a  suggest a symmetry about t h e  geographic equator  (the 

6303 v a r i a t i o n s  showed symmetry about  t he  geomagnetic equator ) .  

I n  t h e  l a t i t u d e  range 15"N t o  15"s t h e  v a r i a t i o n  i s  cha rac t e r -  

i zed  by a slow decrease i n  i n t e n s i t y  during t h e  n i g h t .  L a t e  

n i g h t  increases  are ev ident  only poleward of t h i s  region.  

The average d i u r n a l  v a r i a t i o n  i n  t h e  5577 i n t e n s i t y  as 

determined from 36 n i g h t s  of d a t a  i s  shown i n  Figure 5 along 

wi th  the corresponding da ta  (Davis and Smith 1965) from a 

s i m i l a r  se t  of  measurements performed i n  1962 from t h e  U.S.N.S. 

E l t a n i n .  The abso lu te  intensit ies and t h e  magnitude of the 

v a r i a t i o n  are s i m i l a r  i n  both sets of da t a .  Both e x h i b i t  a de-  

crease i n  br ightness  following t w i l i g h t  w i th  broad enhancements 

occur r ing  during the  n i g h t .  The averaged 1962 d a t a  shows the 

enhanceinent occur r ing  before  midnight whi le  t h e  1965 enhance- 

ments occur i n  the  l a t te r  po r t ion  of  t h e  n i g h t .  

5. L a t i t u d i n a l  Var i a t ions  

The n i g h t l y  average 5577 i n t e n s i t i e s  f o r  10' l a t i t u d e  

ranges  have been c a l c u l a t e d  f o r  each 5" of l a t i t u d e  from 35"N t o  

60"s.  These d a t a  are shown in Figure 6 along w i t h  the co r re s -  

ponding r e s u l t s  from t h e  El tan in .  The Croatan r e s u l t s  show an 

i n t e n s i t y  minima a t  5" south geographic l a t i t u d e  wi th  inc reas ing  

levels t o  approximately 30" n o r t h  and south  l a t i t u d e  where 

i n t e n s i t y  maxima are observed. This symmetry w a s  suggested 
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. 

earlier i n  *Figure 4. 

i n  t he  E l t an in  da ta  and have been repor ted  by Davis and Smith 

(1965). The cu r ren t  mid-lat i tude maxima appear t o  l i e  f a r t h e r  

from t he  equator  than i n  the  1962 r e s u l t s .  Poleward of 30" 

l a t i t u d e  the  twa s e t s  of data show an inverse  c o r r e l a t i o n .  The 

absolu te  i n t e n s i t i e s  i n  the  equa to r i a l  region are, however, i n  

very  good agreement support ing the l o w  va lue  f o r  the c a l i b r a t i o n  

cons t an  t. 

Simi la r  mid-lat i tude maxima are apparent  

6. 5577 Airglow Cells 

Figure 7 conta ins  an isophote  map constructed from the  

36 n i g h t s  of da t a  used f o r  t h i s  paper.  The e q u a t o r i a l  minima i s  

ev iden t  as are the  l o w  e a r l y  n igh t  i n t e n s i t y  l e v e l s  i n  the  n o r t h  

and the  high l a t e  n ight  values  i n  the south.  There i s  a l s o  a 

d i s t i n c t  l ack  of closed c e l l u l a r  s t r u c t u r e  (Roach e t  a l .  1958) i n  

these  data. It must be pointed out ,  however, t h a t  these i so -  

photes  r ep resen t  averages of average i n t e n s i t i e s  f o r  many n i g h t s  

and inc lude  seasonal  as we l l  as n i g h t  t o  n i g h t  v a r i a t i o n s .  

Therefore ,  t h i s  map, as we l l  as the  6300 A isophote  p l o t  pub- 

l i s h e d  e a r l i e r  (Greenspan 1966) ' must only be i n t e r p r e t e d  in  

t e r m s  of the gross  long t e r m  e x c i t a t i o n  p a t t e r n  and may n o t  have 

much d i r e c t  r e l a t i o n  t o  the  e x c i t a t i o n  p a t t e r n  f o r  any s i n g l e  

n i g h t .  

It i s  of i n t e r e s t  a t  t h i s  po in t  t o  compare the  5577 8 
i sophote  map wi th  t h a t  p rev ious ly  given f o r  t he  6303 8, n igh t -  

g l o w .  Since both the  d iu rna l  and l a t i t u d i n a l  v a r i a t i o n s  are 
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contained i n  these maps and s ince  no similari t ies are a?parent,  

we  can conclude t h a t ,  on a gross s c a l e ,  t h e  two emissions are 

unre l a t ed  i n  the  e q u a t o r i a l  and mid - l a t i t udes .  

7. Var ia t ions  w i t h  Geomagnetic A c t i v i t y  

The mean a i rg low i n t e n s i t i e s  f o r  3 hour per iods  have 

been p l o t t e d  a g a i n s t  t he  corresponding p l a n e t a r y  K 

(Lincoln 1965) us ing  d a t a  from 36 n i g h t s  o f  observa t ion .  

c o r r e l a t i o n  between these  parameters w a s  ev ident .  

5577 A i n t e n s i t y  have a l s o  been p l o t t e d  a g a i n s t  t h e  t o t a l  mag- 

n e t i c  f i e l d  s t r e n g t h  as measured a t  Sgo Josd dos Compos, B r a z i l  

(Carrigan and Oliver 1965) f o r  t h e  same da ta .  

i nd ices  
P 

No 

Hourly va lues  of t h e  
0 

\ 

The r e s u l t s  of 

t h i s  c o r r e l a t i o n  a t tempt  was a l so  negat ive .  

8. Conclusions 

The 5577 z e n i t h  nightglow showed both q u i e t  and d i s -  

turbed behavior. I n  the  l a t t e r  case ,  t h e  z e n i t h  i n t e n s i t y  

exh ib i t ed  a broad enhancement i n  t h e  l a t e  p o r t i o n  of  t he  evening. 

The average d i u r n a l  behavior showed decreas ing  levels fol lowing 

evening t w i l i g h t  w i t h  enhanced e n i s s i o n  af ter  l o c a l  midnight. 

Enhancements w e r e  s t r o n g e s t  away from e q u a t o r i a l  l a t i t u d e s .  No 

covar iance  w a s  found between [OIJ32 emission and the  green con- 

tinuum. The t o t a l  i n t e n s i t y  v a r i a t i o n  i n  the  d i u r n a l  average 

w a s  of t h e  same o r d e r  o f  magnitude as tha t  observed from the  

E l t a n i n  i n  1962. 
- 

Examples of d i r e c t ,  inverse  and zero  c o r r e l a t i o n  are 

found between t h e  5577 and 6300 enhancements. The o v e r a l l  
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r e s u l t s  sliow l i t t l e  c o r r e l a t i o n  wi th  the  6300 d a t a  (Greenspan 

1966) which w e r e  obtained simultaneously.  

The d i u r n a l  behavior of t h e  5577 1 z e n i t h  i n t e n s i t y  

e x h i b i t s  a symmetry about the  geographic equator .  I n  t r o p i c a l  

. l a t i t u d e s  the  z e n i t h  i n t e n s i t i e s  decrease  uniformly throughout 

t he  n i g h t .  Poleward of  15"N and 15"s geographic l a t i t u d e ,  t he  

p o s t  midnight enhanceaent becomes evident .  

l i m i t e d  d a t a  available, i t  appears t h a t  t h i s  e f f e c t  i s  s t r o n g e s t  

poleward of 30"s l a t i t u d e .  

From the  very 

The average n i g h t l y  i n t e n s i t y  of t h e  5577 A nightglow 

shows a d i s t i n c t  e q u a t o r i a l  minima a t  5"s l a t i t u d e  wi th  maxima 

near  30"N and 30"s l a t i t u d e .  This l a t i t u d e  v a r i a t i o n  i s  

g e n e r a l l y  s i m i l a r  t o  t h a t  observed from the E l t an in ,  a l though 

t h e  two sets of  d a t a  show inve r se  c o r r e l a t i o n  poleward of about 

30"N and 30"s l a t i t u d e .  

When the  d a t a  a r e  presented on an isophote  p l o t  t h e  

gene ra l  e x c i t a t i o n  p a t t e r n  e x h i b i t s  no r e l a t i o n s h i p  t o  t h e  

6300 

t i m e  . 
e x c i t a t i o n  p a t t e r n  der ived from d a t a  obtained a t  t h e  same 

N o  r e l a t i o n s h i p  appears t o  e x i s t  between the  5577 1 
i n t e n s i t y  and t h e  p l ane ta ry  K index o r  the  t o t a l  magnetic f i e l d  

s t r e n g t h  f o r  t hese  da t a .  
P 
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FIGURE CAPTIONS 

Fig.  1 

Fig.  2 

Fig.  3 

Fig .  4 

Fig. 5 

Fig .  6 

F ig .  7 

Mean loca t ions  of the  U.S.N.S. Croatan on Nights When 
Airglow Observations were Made 

Examples of (a )  a mid-night enhancemegt i n  t h e  5577 A 
n i  htglow without  corresponding 6300 A v a r i a t i o n s  
(bf a l a t e  n igh t  enhancement i n  t h e  5577 A n i  htglow 
without  corresponding 6300 8, v a r i a t i o n s ,  and t c l  mid- 
n i g h t  enhancements i n  both t h e  5577 and 6300 
nightglow. 

Absence of Covariance Between the  5577 A Emission Line 
and t h e  Green Con t inuum 

Diurnal  Var ia t ions  i n  t h e  5577 A Zeni th  Airglow f o r  
Various La t i tude  Ranges 

Average Diurnal  Var ia t ion  of t h e  5577 A Zenith I n t e n s i t y  
f o r  t h e  La t i tude  Range 35"N-60°S 

Nightly Average 5577 A Zeni th  I n t e n s i t y  a s  a Function 
of La t i tude  

Isophote Map Showing t h e  5577 A Zenith I n t e n s i t i e s ,  i n  
Rayleighs,  A s  Observed During NASA's 1965 Mobile 
Launch Expedition 
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